Regional rearrangements in chromosome 15q21 cause formation of cryptic promoters for the CYP19 (aromatase) gene.
Production of appropriate quantities of estrogen in various tissues is essential for human physiology. A single gene (CYP19), regulated via tissue-specific promoters, encodes the enzyme aromatase, which catalyzes the key step in estrogen biosynthesis. Aromatase excess syndrome is inherited as autosomal dominant and characterized by high systemic estrogen levels, short stature, prepubertal gynecomastia and testicular failure in males, and premature breast development and uterine pathology in females. The underlying genetic mechanism is poorly understood. Here, we characterize five distinct heterozygous rearrangements responsible for aromatase excess syndrome in three unrelated families and two individuals (nine patients). The constitutively active promoter of one of five ubiquitously expressed genes located within the 11.2 Mb region telomeric to the CYP19 gene in chromosome 15q21 cryptically upregulated aromatase expression in several tissues. Four distinct inversions reversed the transcriptional direction of the promoter of a gene (CGNL1, TMOD3, MAPK6 or TLN2), placing it upstream of the CYP19 coding region in the opposite strand, whereas a deletion moved the promoter of a fifth gene (DMXL2), normally transcribed from the same strand, closer to CYP19. The proximal breakpoints of inversions were located 17-185 kb upstream of the CYP19 coding region. Sequences at the breakpoints suggested that the inversions were caused by intrachromosomal nonhomologous recombination. Splicing the untranslated exon downstream of each promoter onto the identical junction upstream of the translation initiation site created CYP19 mRNA encoding functional aromatase protein. Taken together, small rearrangements may create cryptic promoters that direct inappropriate transcription of CYP19 or other critical genes.